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We, Standard Pressed Stejei: Co.. .of 
Jenkiniown, Pennsylvania, United Stales of 
America, a corporation formed and existing 
in accordance with the Laws of the Common- 
5 weahh of Pennsylvania, one of the States of 
the United Slates of America, do hereby de- 
clare the invention, for which we pray that 
a patent nnay be granted' to us. and the 
method by which it is to be performed, to 

>^ be particularly described in and by the fol- 
lowing statement: — 

This invention relates to a method for in- 
creasing the fatigue life oi: a loaded screw 
thread system including internally and ex- 

^5 ternally threaded co-operating members and 
to a new screw thread form or configuration 
which will increase the fatigue life of the ex- 
ternally threaded element under load by re- 
distributing the stress concentrations within 

20 the thread itself or by more equally distri- 
buting the loading stresses throughout the 
length of thread engagement. Another 
aspect of this invention is directed to the tool 
or die for forming threads having the afore- 

25 said configuration. 

The fatigue life of the externally threaded 
member of a screw thread system can be in- 
creased by modifying the basic or funda- 
mental thread form in such a way that the 

3U threads — particularly the threads which 
carry the greatest load — are rendered more 
flexible an^d therefore capable of being de- 
flected fhereinafter where the term deflected 
is used it will be understood that it is also 

35 intended to refer to deformation of the 
thread) under lower loads than vs^ill deflect 
the basic thread form; and without simul- 
taneously inducing bcndinc! stresses in tlie 
deflected threads which are of the same 

40 general order or greater than the loading 
iiresscs voich are shifted from the deflected 
threads. 

According to the rrc<;cnr in\c:);ion in n 
IPrice 4s. 6d.) 
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screw thread system the pressure flank of the 
internal thread from its root at least to the 45 
vicinity of its pitch line is disengaged from 
the pressure flank of the external thread, and 
the internal thread has. when in an unloaded 
condition, a progressively longer lead than 
the lead of the unloaded external thread, and 50 
the true pitch diameter of the internal, or the 
external thread, or both, are changed to pre- 
vent an interference fit when in an unloaded 
condition. 

The lead differential will, in generaK be 
sufficient to compensate for the shortening 
of the lead of the internal thread and the 
elongation of the external thread which 
occurs on loading and thereby will provide 
for a more uniform distribution of stress con- 
centration at the roots of the engaged ex- 
ternal thread. The change in the true pitch 
diameter will cause the virtual pitch dia- 
meter to approach the basic pitch diameter. 
The pressure flank of the internal thread is 65 
preferably in contact with the pressure flank 
of the external thread in the vicinity rf the 
pitch line when the system is loaded. 

The thread form' modifications may be 
used in conjunction with lead corrections of 70 
the tyne disclosed in British Patent No. 
1.032*814, In that Patent, Claim 1 reads:— 
A screw-tbreaded fastener including a 
nut having a constant major internal dia- 
meter and a bolt having constant major 75 
and minor diameters, said nut being 
axially counter-bored to truncate the 
crests of from one to four nut threads ad- 
jacent the bearing face of the nut. said 
counterbore extendinir radially substanti- SO 
ally no further than the -pitch diameter of 
the nut, and said fastener being char- 
acterised in that the internal threads, 
when in an unloaded condition, have a 
progressively loneer lead from the hear:r.L» S5 
face than the lead of the imloaded external ' 
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threads, the lead diHerential being suffi- 
cient to compensate for the shortening of 
the lead of the internal threads and the 
elongation of the ,lead of the external 
5 threads which occurs on loading of the 
fastener and thereby provide for a more 
uniform distribution of the stress concen- 
trations at ihe roots of the engaged ex- 
ternal threads, the true pitch diameters of 
10 the internal and external threads being 
corrected to cause the virtual pitch dia- 
meters to approach the basic pitch dia- 
meters and thereby prevent an interference 
fit when in an unloaded condition. 
J 5 As used herein, the term "thread system " 
is intended to refer to all types of combina- 
tions of internal and external screw thread 
arrangements which employ ridges of uni- 
form section in the form of a helix on the 
20 external and internal surfaces of a cylinder 
or frustum of a cone. However, embodi- 
ments of the invention will be described by 
way of example with reference to thread 
systems in the form of nuts and bolts and 
25 particularly, in terms of single start 
straight threads having a basic or funda- 
mental 60** thread form. 

The accompanying drawings illustrate 
several embodiments of thread form con- 
30 figuration which will serve to effect one or 
more of the modifications that are useful 
either alone or in combination with lead cor- 
rection, for increasing the fatigue life of the 
thread system under load. 
35 Figure 1 is a view in section of a modi- 
fication which will be referred to as the -'in- 
volute " thread form. 

Figures 2 and 3 are sectional views of 
modified thread forms which will be referred 
40 to as " semi-involute " thread forms. 

Fig. 4 is a sectional view of a modified 
thread form in which, inter alia, the moment 
arm acting on the internal threads is in. 
creased. 

45 Fig. 5 illustrates a Waterbury die for 
forming the flanks, roots and crests of in- 
volute external threads by rolling. 

Fig. 6 illustrates a Waterbury die for form- 
ing the flanks, roots and crests of asymeirical 
50 semi-involute external threads by rolling. 

Fig. 7 illustrates one die of a set of Reed 
dies for the roiling of external threads. 

Fig. 8 illustrates a tap for forming internal 
threads, 

55 Fig. 19 is an enlarged sectional view show- 
ing the lead differential correction of the type 
disclosed and claimed in the said Patent and 
which, in accordance with the invention, 
.serves, in combination with the various high 

60 fatigue thread configurations described 
above, lo increase the fatigue life of the 
system lo a greater degree than is obtained 
•^i:h form niodificaiion alone or lead correc- 
tion alone. 

65 In Fig. I ;here illustrated an external 



thread 10, and an internal thread 11; the 
basic or fundamental thread form for both 
the internal and external threads are shown 
in doited lines. The line of the pilch cylin- 
der is the dot-dash line P-P'. The pressure 70 
Hanks of the thread are 12 and 12', tile clear- 
ance fianks of the thread are 13- and 13'. 

From a point 14 on the pressure fiank 
which in the illustrated embodiment is in the 
general vicinity of the pitch line P-F the 75 
flank of the external thread diverges away 
from the side 15-16 of the fundamental 
thread triangle 15-16-17 and forms a cur\'ed 
Itank .surface which, under load, will bear 
langentially against the pressure flank 12' of 80 
the associated conventionally formed in- 
ternal thread. In this embodiment, the point 
of tangency 14 is positioned in the vicinity 
of the line of the pitch cylinder P-P', how- 
ever, the point of tangency 14 can be either 85 
above or below line P-P' and still provide the 
benefits of the invention. The root of the 
external threads preferably are radiused at 
20 but other root configurations which do 
not contact or create interference with the 90 
crest 21 of the internal thread or the flank 
portions 22 extending from the crest 21 to- 
ward the pitch line on the pressure flank can 
be used. The clearance flank 13 has a cor- 
responding configuration, hence, this type of 95 
thread form is sometimes referred to as the 
symmetrical involute thread. It will be 
observed that the involute thread form em- . 
bodiment of Fig. 1 effects two types of modi- 
fication or corrections: — 100 

(a) it locally disengages the threads in the 
vicinity of the pressure fianks where they 
join the root radius of the external threads 
thus eliminating the application of addi- 
tional stres-ses in an otherwise highly .stressed 105 
area. 

(b) the section modulus of the external 
thread 10 is decreased from that of the basic 
iliread form 15-16-17 thereby rendering the 
external thread more flexible. Both cor- 1 10 
rection cooperate to increase the fatigue life 

of the loaded thread sy.stem as previously 
described. 

VVliere the point of tangency 14 is either 
above or below line P-P', the corrections 115 
will also serve to increase the moment arm. 
If the point of tangency is above P-P' at 14' 
the moment arm on the external thread will 
be increased and the moment arm of the in- 
ternal thread decreased. If the point of 120 
tangency is below P-P' at 14" the moment 
arm of the internal thread will be increa.sed 
and that of the external thread decreased. 

1- is also po.ssihle to provide thread modi- 
llcaiions according to this invention where 125 
the invoh'ic configuration i.q given only to 
the pressure fliink and the clearance flank 
i^ uncorrected. Such thread forms are rc- 
fjrre:! !o ::s asymmetrical involute threads. 

In 'he throad form illustrated in Fig. 1. I/O 
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radius 19 is equal lo four times tlie thread 
heichi 27 and extends between the point of 
langency 14 and the external thread crest 24 
and ihe radius IB is equal lo one-half the 
5 thread height 27 and extends from the point 

01 langency 14 toward the root 25. The 
root radius 20 is swung from a point 20' 
midway between the fianks at 75*% of the 
thread height. These radii have been found 

^0 lo give outstanding performance where the 
point of tangency is in the general vicinity 
of the line of the pitch cylinder but the in- 
vention IS not to be deemed as timiied there- 
to. 

'5 Figs. 2 and 3 illustrate two embodiments 
of semi-involute external thread forms. Fig, 

2 is an asymmetrical external thread with an 
involute pressure flank extending toward the 
crest and in Fig. 3 an asymmetrical external 

20 ihread form is shown in which ihe pressure 
■lank diverges from contact on a straight line 
extending toward the crest. 

Referring to Fig. 2. there is illustrated an 
external thread 30 and an internal ihread 
25 31. The portion of the pres'^ure flank 32 
from the line of the pitch c\linder P-P' to 
ihe crest 33 of the external ihread is formed 
in the same manner as the involuie embodi- 
ment of Fig. I: the radius 34 extending be- 
30 tween the pitch line and the crest is tangent 
to the fundamental thread triangle in the 
general vicinity of the pitch line P-F. The 
point of tangency 34' can, however, be above 
or below the pitch line, e.g., at 35 or 36. Be- 
^5 low the point of tangency. the thread Tias a 
conventional configuration. In the preferred 
embodiment, the flanks, roots and crests of 
(he external thread are formed by one step 
thread rolling operation. In this connec- 
non^ machinifig the correction onto a con- 
ventional thread form will induce surface 
stresses and necessitate a retempering opera- 
tion to remove these stresses. Fur-her roll- 
ing permits a greater freedom of formation 
•^5 and enables higher strength (e.g.. up lo 
260,000 p.s.i.) materials to be threaded. 

Further, because- the asymmetrical semi- 
involute ihread form has greater mass above 
:hc pitch line than does the symnieirical 
50 semi-involute ihread. the asymmetrical form 
will, under certain circumstances, have 
.'ircaier resistance to shear and v/i!l there- 
fore be less subiect to stripping. In addi- 
tion, the asymmetrical embodiments of ex- 
55 terna! scmi-involute thread v.ill. when used 
widi a nut ha.ins: a prevailing torque lock 
provided by cii^placed i^r non-circu!::r thread 
confignraiions- exhibit more crficieni lock inn 
action than ihe corresnonding >"ymmeirical 
60 ^emi-inv'oiute embodiment. 

The asvmme-rical scmi-:ir. oliHc -hread 
form of Fie. 2 serves ;o increase ihe fp.tigiie 
'•fe !!UT?asin!i the moment arm ;»c!iniT on 
[he iinci'iai iMrciic;-; and <hor:c:?^n:: ^ the 
65 nioircni ::rm of ihe external t?ire:::l-\ The 



internal threads wilL therefore, defiect more 
under load and thereby .more uniformly re- 
distribute the load. The e.xternal thread 
will be more rigid and less likely to have 
objectionable bending stresses set up which 70 
will ollset the gains obtained by load redis- 
tiibution. 

The embodiment illustrated in Fig. 3 is 
also an asymmetrical semi-invoJute external 
thread form. There is illustrated an ex- 75 
ternal thread form 40 and an internal thread 
41 of standard configuration. The pressure 
Hanks are 42 and 42' and the clearance flanks 
are 43 and 43'. On the pressure flank 42 
of the external thread at a point 44 at a uni- 80 
form height relative to the line P-P' of the 
pitch cylinder, the tlank 45 diverges away 
from the side of the fundamental thread tri- 
angle shown in dotted lines and joins the 
crest 46. The flank angle of the first por- 85 
lion 47 of the pressure flank running from 
root toward crest is the same as the Hank 
angle ^ of the basic thread triangle and of 
the clearance flank but it is less than the 
flank angle of the second portion 48 of 90 
the pressure flank running from crest toward 
the root. For the same reasons e.xpre.'^sed 
above in connection with the Fig. 2 embodi- 
ment, it is preferred to form the roots, crests 
and fianks of this thread configuration by 95 
roliing. In this embodiment, the point of 
divergencv 44 is below the line of the pitch 
cylinder P-P' — about midway between the 
root of the e.xternal thread and the pitch 
line thereby making the internal thread more 100 
flexible and the external ihread more rigid. 

The benefits and advantages obtained by 
the Fig. 3 embodiment are the same as those 
explained in connection with the configura- 
tion of Fig. 2. 105 

Fig. 4 illustrates an embodiment wherein 
the interna] thread has a conventional con- 
figuration and flank angle k the external 
thread 60 has been modified so that its flank 
angle i: i"^ ereater than i: thus where ] 10 
-> is 30^ 7. should be about 32 to 35''. 

According to a preferred feature of the in- 
vention, the rhread form modification need 
only to be anplied to the pressure flank'; of 
those csiernal or internal threads which are 115 
nearest to the nut Or Other bearing face and 
which, therefore, carry the greatest load. In 
general, the benefits of this invention will be 
obtained if ihe correction is anplied to the 
fir^,t engaged full thread at the bearing face 120 
and "^f^me fur; her benefits are obtained if the 
correct inn iv a-^nlied i^*^ from 2 to 5 of tlio 
enaaaed thre:?d< i-nmediately adiacen; ihe 
bearing face. 

By fur! her modif\in2 {he ihread M-^rnv; 125 
heretofore described in -he manner ^et forilt 
?p ihe af.vemeriioned Pa rem No. 1032^4. - 
'jre.-iifr i'lv^rnxemi^nt in fn{;i.iue life v».i'! 
:".h:ain-?-!. T^ius. for oNamnle. ] '2 ~ 



4 



1,072,578 



vide a 220.000 p.s.i. minimum strength level 
and having the involute thread form of Fig. 
I when used in combination with standard 
interna! threads has been fourfd to increase 
5 the fatigue life of the ioaded thread system 
(over that of a thread of conventional con- 
figuration) by about 350%; and if this in- 
volute externa] bolt is used in a system also 
having a positive lead correccion (as de- 
10 scribed in Patent No. 1,032,814 of 0.006 inch 
per inch of thread engagement between the 
nut and bolt, the fatigue life will be about 
700 ?i greater than that of thread system hav- 
ing a conventional thread form and match- 
15 ing leads. 

As disclosed in the above Patent Speci- 
fication, when the cross sectional areas of the 
internal and external threads are subslariii- 
ally equal the optimum lead correction can 
20 be determined from the foliowins formula: — 
2(n-nFt 

Le=: 

nAE 

wherein: Le= inches of lead differential be- 
25 tween nut and bolt per inch of thread -engage- 
ment: n= number of engaged threads; Ft= 
total tensile load in pounds; E=the modu- 
lus of elasticity of the nut in pounds per 
square inch; and A is the cross sectional 
30 area. 

In addition, the lead dijfferential should 
not be sufficiently large as to cause the un- 
loaded system to have an interference fit. If 
the lead correction is so large as to cause 

35 an interference fit. it is necessary to also 
change the true pitch diameter of the lead 
corrected threads to compensate for the 
change in virtual pitch diameter which re- 
sults from lead differential. The change in 

40 true pitch diameter (APD) for 60° basic 
thread forms can be computed from the fol- 
io wins formula: — 

APD=1.732xLeXHt 
wherein Ht=nut height in inches. The 

45 APD correction will be ( + ) for internal 
threads and ) for external threads, and 
can be applied to either or both members of 
the fastener combination. 

Fig. 9 illustrates schematically the lead 

50 corrected thread system according to Patent 
No. 1032814. 
In Fig. 9— 

P =l/no where no is the number of 
threads per inch 
55 APn= change in pilch length of the bolt in 
inches 

-AP.;=change in pitch length of the nut in 
inches 

PDK=basic pitch diameter of the bolt in 
60 inches assuming perfect thread form 

and configuration: and where Le=0 
it will be both the true and the virtual 
pitch diameter. 
PDv=true pitch diameter of the nut in 
65 inches assuming perfect thread form 



and configuration; and whire Le=0 
it will be virtual pitch diameter. 

Sx= Stress on nut 

Si,= Stress on bolt. 

Another aspect of this invention is con- 70 
cerned with tools and dies for forming 
threads 01 the type disclosed herein. 

Figs. 5 and 6 each" illustrate one die of a 
set of Waterbury dies which can be used to 
roll form the roots, flanks, and crests of e.x- 75 
lernal threads having high fatigue character- 
istics. The die of Fig. 5 can be used to 
form threads of the type illustrated in Fig. 
1. As shown in Fig. 5, the die is provided 
with a series of parallel ribs 50 whose cross 80 
section as can be seen in the eniargemeni 
(Fig. 5') is a true mating configuration fcr the 
symmetrical involute die of Fig. 1, The 
rib flanks 51 for forming the pressure flanks 
of the screw threads are defmed in cross sec- 85 
lion by two curved portions 52, 53 — usually 
on differing radii — K:urved portion 52 extend- 
ing from the rib crest toward the rib root and 
curved portion 53 extending from the rib 
root toward the rib crest. Portions 52 and 90 
53 converge at a reference line 54 e.xiending 
along the rib flank at a uniform height rela- 
tive to the rib root. The curved portions 
52 and 53 are tangent to the fundamental rib 
triangle shown in dotted lines at the refer- 95 
ence line 54 and diverge away from the side 
of the fundamental rib triangle as they cur%'e 
from the reference line toward the rib root 
and the rib crest. The reference line 54 can 
be positioned at above or below the line of 
the pitch cylinder of the screw thread to be 
formed with the die. In Fig. 5, the refer- 
ence line 54 is at the pitch line P-P'. 

The die of Fig. 6 can be used to form semi- 
involute asymmetrical threads akin to the 105 
external thread of Fig. 3. The die includes 
a series of parallel ribs 61 whose cross sec- 
tion can be seen in the enlargement Fig. 6'. 
The rib flanks 61 for forming the pressure 
flanks of the screw thread include two an- 110 
gularly arranged portions 62, 63, which in- 
tersect at a reference line 64 extending along 
the rib flank at a uniform height relative to 
the rib root. The flank angle 2 of rib por- 
tion 62 between the rib crest and the refer- 115 
ence line is less than the flank angle a: of 
the rib portion 63 between the rib root and 
the reference line and the flank angle ^2 of 
the clearance flank forming rib 65. from root 
to crest, is equal to ^- The reference line 64 120 
can be at above or below line of the pitch 
cylinder P-P' of the screw thread to be 
formed therewith. 

Fig. 7 depicts one die of a set of Reed dies 
for rolling external threads and Fig. 8 is a 1.25 
tap for forming internal threads, both in- 
sirumentaliiies can he used to imnart con- 
figurations of the type described in this 
application if (he helex rib is given an appro- 
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The top or die will also be arranged to give 
the features of Figure 9. 

As used herein, the term " basic thread 
form" is the theoretical profile of the thread 
5 for the length of one pitch in an axial plane, 
on which the design forms of the threads for 
both the external and internal threads are 
based. The term " fundamental triangle " is 
the triangle whose comers coincide with three 
10 consecutive intersections of the e.xlende^l 
flanks of the basic form. 

WHAT WE CLAIM IS:— 

1. A screw thread system including intern- 
ally and exiernally threaded co-operaiing 

15 members in which the pressure flank of the 
internal thread from its root at least to the 
vicinity of its pitch line is disengaged from 
the pressure flank of the external thread and 
in which the internal thread has. when in 

20 an unloaded condition, a progressively 
longer lead than the lead of the unloaded ex- 
terna! thread, and in which the true pitch 
diameter of the internal or the external 
thread, or both, are changed to prevent an 

25 interference fit when in an unloaded condi- 
tion. 

2. A screw thread system according to 
Claim 1 including a nut and having a 60*^ 
basic thread form, wherein the change in the 

30 true pitch diameter -^PD, is in accordance 
with the following formula — 

APD= 1.732 xLeXHt 
wherein Le is the lead differential in inches 
per inch of thread engagement, and Ht is the 

35 nut height in inches. 

3. A screw thread system according to 
Claim V or Claim 2 wherein the flank angle 
of the pressure flank of the internal thread is 
30° and the flank angle of the pressure flank 



of the external thread is betw-een 32" and 40 

35°. 

4. A screw thread system according to 
any preceding claim in which the pressure 
Hank of the internal thread is in contact with 
the pressure flank of the external thread in 45 
ihe vicinity of the pitch line. 

5. A screw thread system according to any 
preceding claim wherein the pressure flank 
and the clearance flank of the external thread 
together form a symmetrical cross section. 50 

6. A .screw thread system according to 
any of Claims 1 to 4 wherein the pressure 
flank and the clearance flank of the external 
thread together form an asymmetrical cross 
section. 55 

7. A .screw thread system according to 
any preceding claim wherein the flanks, 
crests and roots of the external thread have 
been formed by rolling. 

8. A screw thread system as claimed in 60 
any preceding claim in which the pressure 
flank of the external thread when the system 

is loaded is locally disengaged from the pres- 
sure flank of the internal thread in the 
vicinity of the junction of the external 65 
thread's root radius and the pressure flank of 
the external thread. 

9. A schrew thread system substantially 
as herein specifically described with refer- 
ence to any of Figures 1-4 of the accompan}'- 70 
ing drawings. 

10. A tap or a set of taps and die or a 
set of dies arranged to form members of a 
screw thread system as claimed in any pre- 
cedins claim. 75 

KILBURN &, STRODE. 
Chartered Patent Agents. 
Agents for the Applicants. 
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